The explosion of the Deepwater Horizon (DWH) oil platform resulted in large amounts of crude oil and dispersant Corexit 9500A® released into the Gulf of Mexico and coincided with the spawning season of the oyster, Crassostrea virginica. The effects of exposing gametes and embryos of C. virginica to dispersant alone (Corexit), mechanically (HEWAF) and chemically dispersed (CEWAF) DWH oil were evaluated. Fertilization success and the morphological development, growth, and survival of larvae were assessed. Gamete exposure reduced fertilization (HEWAF: EC20 1 h = 1650 μg tPAH50 L ). CEWAF and Corexit showed a similar toxicity on early life stages at equivalent nominal concentrations. Oysters exposed from gametes to CEWAF and Corexit experienced more deleterious effects than oysters exposed from embryos. Results suggest the presence of oil and dispersant during oyster spawning season may interfere with larval development and subsequent recruitment.
Introduction

2
The Eastern oyster, Crassostrea virginica (Gmelin, 1791), is one of the most commercially 
23
Petroleum hydrocarbon contaminants pose a severe ecological risk to marine origanisms.
24
They can affect organisms by physical action (light reduction, asphyxia), by modification of 25 habitat [change in pH (Neff, 1987) , decrease of dissolved oxygen, decrease in food Neff, 1985; Roesijadi et al., 1978) .
32
Chemical dispersants are complex mixtures, primarily containing surfactants (dioctyl sodium 1 sulfosuccinate, also known as DOSS) and solvents (propylene glycol), which reduce the 2 interfacial tension at the oil-water interface, and therefore facilitate the mixing of oil into the 3 water (Canevari, 1973; Li and Garrett, 1998) . Therefore, oil slicks can be dispersed to 4 concentrations below toxicity thresholds for most marine and benthic species (Lessard and 5 DeMarco, 2000; Page et al., 2000) and become more accessible to hydrocarbon-degrading 6 bacteria (Venosa and Zhu, 2003) . Because of the higher exposure of aquatic organisms to 7 petroleum compounds in coastal areas and estuaries, the manufacturer recommends using effects of oil and dispersants in the near-shore environment (Allen, 1984 ).
17
The prolonged turbulent mixing of crude oil by wind, currents, and waves results in the 18 production of water accommodated fraction (WAF) (Barron et al., 1999; Rossi et al., 1976) .
19
WAF toxicity is commonly assessed by measuring early larval growth, survival, and 20 morphological abnormality in marine organisms such as fish (Couillard et 
Embryogenesis and larval development 24
The progress of embryogenesis and larval development was monitored after fertilization for 25 96 h and the exposure solutions were not renewed. Fresh cultured phytoplankton was added 26 to each beaker at day 1 (5 x 10 4 cells mL -1 ) and day 3 (1 x 10 5 cells mL -1 ) post-fertilization.
27
One day (24 h) and 4 days (96 h) after fertilization, a subsample was removed from each 28 beaker and fixed in 10% buffered formalin for later examination of abnormalities and larval
29
shell lengths (see Section 2.6 for more details). Exposures were completed after 96 h. (Fig. 2) . Effective levels for fertilization 11 inhibition (EC201h and EC501h) are listed in Table 2 . Fertilization success was inhibited by 12 CEWAF and Corexit in a similar manner and at equivalent nominal concentrations. These 13 results suggest that the dispersant is likely responsible for the majority of the fertilization 14 inhibition observed in the CEWAF exposure (Fig. 2, Table 2 ). Percentages of abnormal larvae in the controls were relatively low and ranged from 0 to 15%.
4
Larval abnormalities increased with dose regardless of the exposure timing (Fig. 3) .
5
Continuous exposure of gametes before fertilization until 24 h after fertilization to HEWAF, 6 CEWAF, or Corexit 9500A ® resulted in a dose-dependent increase in abnormal larvae (Fig.   7 3). In a similar way, the continuous exposure of newly segmented embryos for 24 h to all 8 HEWAF, CEWAF, and dispersant concentrations affected embryo and early larval 9 development (Fig. 3) . By comparing ECx values and their 95% confidence limits for gamete 10 and embryo exposure, with the exception of the CEWAF exposure (EC2024h , Table 3 ),
11
abnormalities in 24 h-old larvae resulting from gamete exposure were generally not 12 statistically different from that of 24 h-larvae resulting from embryo exposure (Table 3 , Fig.   13 3).
14 Oysters in the highest doses sometimes experienced too much mortality to be included in this (Table 3) . ) is shown.
7
After 24 h of incubation with oil, visual observations revealed morphological abnormalities 8 ranging from severely moribund to atrophied larvae (Fig. 4D) , absence of shells, individuals 9 with a convex-hinge, shell deformities (Fig. 4E) , velums abnormally extended, incomplete 10 shells and mantle extrusions (Fig. 4F) , or indented shell margins. Control treatments showed an increase of mean shell lengths from 5 to 10 µm over 3 days.
8
Mean shell lengths of larvae exposed as gametes or embryos to CEWAF, HEWAF, or 9 dispersant for 24 and 96 h consistently declined as exposure concentrations increased.
10
Regarding exposure to HEWAF, the mean size of larvae derived from exposed gametes was (Fig. 5D ). Regarding shell lengths measured after 96 h of 25 exposure to CEWAF, similar trends to the 24 h exposure were observed for larvae derived 26 from both exposed gametes and embryos ( Fig. 5C and D) . These results reflected an increase 27 of sensitivity to CEWAF when exposure occurred before fertilization (e.g. embryos 28 compared to gametes).
29
Corexit exposure induced a dose-response effect in shell length at 24 h and 96 h for larvae 30 exposed from the gamete stage, with a LOEC value of 2.5 mg L -1 (Fig. 5E) (Fig. 5F ). The absence of data at the highest concentrations was due to high 1 mortalities. Mortalities for every exposed group were dose-dependent. In the highest concentrations, dead 4 larvae were noted with extruded and granulated tissues ("exploded" larvae). Compared to the 5 control, HEWAF, CEWAF, and dispersant significantly reduced larval survival after 96 h 6 exposure, regardless of whether the exposure occurred before or after fertilization (data not 7 shown). According to the LC5096h values for CEWAF, larvae that were exposed as gametes 8 were approximately twice as sensitive as larvae that were exposed as embryos (8.5 vs 17.7), 9 suggesting an increase in tolerance to pollutants with age (Table 4) . However, according to 10 the LC5096h values for HEWAF exposures, larvae that were exposed as embryos were more 11 sensitive than those that were exposed as gametes (220 vs 307) ( for Corexit exposure of embryos could not be calculated due to the high control mortality.
13
For all exposures, it is important to mention that we accounted for the initial fertilization Results of the present study showed that exposures of sperm and eggs of Crassostrea were only apparent after 24 h of exposure in the present work, it appears that calcification 4 during oyster embryogenesis is one of the processes most sensitive to oil and dispersant. process in the European flat oyster, Ostrea edulis (Waller, 1981 particularly on the interaction of these droplets with various life stages of oysters, is needed.
16
The purpose of this study was to determine lethal and effective concentrations on different instance, a factor that we did not consider in this study is photo-induced toxicity. Ultraviolet 25 radiation may increase the toxicity of petroleum hydrocarbons (e.g., PAHs) on exposed The present study determined the potential effects of the DWH oil spill and the application of 
